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Abstract 
Rice is a common food for local and urban dwellers in Nigeria and other parts of Africa. It 
supplies energy and other nutrients to man and animals that feed on it either directly or 
indirectly. In addition to the nutritional component of rice, heavy metals are also present. Heavy 
metals are found in rice  if they are present in the soil and water where the rice is grown. Eleven 
rice cultivars were sampled in eleven locations in the Southwestern States in Nigeria. The rice 
samples were sorted, sterilized and analyzed for heavy metals compositions. Lead, zinc, 
Manganese, copper, Nickel and Cadmium were checked in the sampled rice. The result of the 
analysis showed the presence of Zn, Mn, Cu, Ni and Cd in most of the sampled rice but Pb was 
absent in all the rice samples. The highest amount of Zn (2.55 mg/kg) was recorded in FARO 
58b followed by NERICA 7 rice (0.94 mg/kg) and the FARO 52a and FARO 52b (0.81mg/kg) 
but the least was recorded in FARO 44c rice (02.4mg/kg). Manganese was recorded to be high in 
Ifo rice (1.62mg/kg) followed by FARO 52a rice(0.59mg/kg) and the least value was FARO 44c 
rice.  NERICA 7 was recorded to have the highest copper value (0.21mg/kg) followed by FARO 
58b rice (0.20mg/kg) and FARO 58a has the least detected value (0.02mg/kg). No amount of 
Nickel was detected in all the sampled rice except in FARO 58a rice and FARO 62(Ofada 1b) 
rice that contained a very minute value of 0.03 and 0.08ppm respectively. A very minute amount 
of Cadmium was detected in FARO 52b, FARO44b, FARO 62(Ofada 1b) and FARO 63(Ofada 
2) (0.01 in each of the sampled) but no detection in FARO 58a, FARO 58b, NERICA 7, FARO 
44a, FARO 52a, FARO 44c and FARO 62 (Ofada 1a) rice. The result of this research showed 
that rice cultivated and consumed in Southwestern Nigeria is good for consumption since the 
amount of the detected heavy metals was not beyond the WHO permissible limit. None of the 
sampled rice contains lead (Pb) value,  which is a plus to the quality of the sampled rice.  
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Introduction  
Rice is one of the most dependent food in the 
world (Jung et al., 2005). It is one of the  
 

 
important grains in addition to maize, wheat, 
oat, millet, sorghum and rye. About 75% of the 
people depend on rice for energy source. 
Currently, the contamination of rice is of great 
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concern. Some of the harvested rice have been 
analyzed to contain materials such as heavy 
metals or trace elements in which its 
accumulation may put the consumers health at 
risk. Although some heavy metals or trace 
elements could play a useful role if not beyond 
the recommended level (FAO/WHO, 2004).  
Heavy metals are element with high density and 
toxic at even a minimal content. They are not 
biodegradable and not eco-friendly. Human 
activities such as industrial operation, 
agriculture, urbanization aid the abundance of 
these trace elements. Some natural occurrences 
like floods could cause the washing down of 
these heavy metals to a zone of reach to the 
plant’s root and root hair which eventually lead 
to bioaccumulation in the plant. The presence of 
these heavy metals have poisonous effects on 
both land dweller organisms and water dwellers. 
Consumption of these metals above the safe 
limit could lead to improper performance of 
some vital organs in the human body. For 
example, the consumption of arsenic or 
Cadmium above the safe limit in rice as reported 
to cause kidney malfunctioning (Chaney et al., 
2005) 

 Eating foods with excess heavy metals 
can bring about a decrease in the amount of 
some essential nutrients in the body and this 
could result in growth retardation, abnormal 
psycho-social behaviour and some disabilities 
that are initiated by malnutrition. Heavy metal 
enters the human body through drinking water, 
food and the atmosphere. The major heavy 
metals are Mercury, Lead, Cadmium, Arsenic, 
Copper, Nickel etc. and these substances are not 
biodegradable or decomposabl. Most of them are 
carcinogenic like Arsenic, Lead and Cadmium. 
Bioaccumulation of heavy metals in food 
samples should be assessed by all stakeholders, 
including individuals and government agencies 
to reduce the level of poisoning or pollution in 
the food substances. Heavy metals could be a 
threat to trophic levels if not cob early and 
eventually have severe effects on human health 
(Reynders et al., 2008). The heavy metals get 
into the environments via natural activities such 
as agricultural operations such as application of 
fertilizer and insecticide. Deposition of waste, 
urban operations, release from the exhaust can 

also contribute to the concentration of heavy 
metals in the environment. At minimal levels 
some heavy metals  such as Pb and Cd are toxic 
to humans. The effect may critical effects on the 
blood (enzyme, content) and neurons. (Chirila et 
al. 2009). 
This study is targeted at evaluating the presence 
and concentration of Lead, Zinc, Manganese, 
Copper, Nickel and Cadmium in the locally 
grown rice in Southwestern Nigeria.            
 
Materials and Methods 
Study area 
The research was carried out in five of the six 
states in Southwestern Nigeria (Ekiti, Ogun, 
Ondo, Osun and Oyo). Local governments 
known to be producing rice were visited and 
four kilograms of rice were collected with 
appropriate keys. The rice was then identified at 
African Rice Section in International Institute 
for Tropical Agriculture (IITA). 
 
Sample collection 
Three kilograms each of the eleven cultivars of 
sampled rice was collected in the eleven Local 
Government (Oriade, Igbemo, Gboyin, 
Irepodun/Ifelodun, Surulere, Osogbo South, 
Ibadan North, Akure South, Owode, Ifo and 
Ewekoro) in Southwest Nigeria. The sampled 
rice were identified at the African rice section of 
the International Institute of Tropical 
Agriculture (IITA) Ibadan Oyo State Nigeria. 
Sampled rice were moved to storage 
Entomology laboratory of Biology Department 
Federal University of Technology Akure and 
sorted to remove contaminants. The rice samples 
were disinfected in the refrigerator for 72hours 
and then expose to the atmosphere to remove 
moisture. A portable hessian bag was made for 
the rice samples and arranged in a wooden cage 
for aeration. 
 
Preparation of samples 
The rice was sorted, dried and ten grams (10g) 
of each of the sampled rice was weighed into a 
digestion flask and 5ml of perchloric and 8ml of 
nitric acid was added respectively. The flask was 
then arranged in on a hot plate and the 
temperature was gradually increased to 1200C° 
till the completion of the digestion. The digested 



21 

 

samples were then diluted with distilled water 
according to the standard and which was used in 
preparing the standard stock solution of the 
metals (Mapanda et al., 2005). Perkin Elmer AS 
3100 flame atomic Absorption 
Spectrophotometer in Central Laboratory of the 
Federal University of Technology Akure Ondo 
State Nigeria was used to measure the heavy 
metals concentration. 
 
Sample analysis 
Ten grams (10g) of each rice sample was 
digested and then placed in a hot plate and the 
temperature was gradually increased to 1200C° 
till completion of the digestion. The digested 

samples were diluted with distilled water in 
correlation with the range of the standard stock 
from the required heavy metals. The 
concentration of the samples was measured with 
a flame atomic absorption Spectrophotometer at 
Central Laboratory Federal University of 
Technology Akure. 
 
Statistical analysis 
The mean and standard deviation of the heavy 
metal in each of the sampled rice and per state 
was determined using one way ANOVA and 
Duncan multivariant test to compare the mean 
(SPSS version 21 software package). 

 

Results 

 
Figure 1: Sample location map 
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Table 1: Rice samples identification and location 

S/N Name Location 

I FARO 58a ERINOKE 

Ii FARO 58b IGBEMO  

Iii NERICA 7 AISEGBA 

Iv FARO 44a IJERO 

V FARO 52a OKO  

Vi FARO 52b KOKA 

Vii FARO44b  BODIJA 

Viii FARO 44c AKURE 

Ix FARO62 (Ofada 1a) OBAFEMI OWODE 

X FARO 62(Ofada 1b) IFO 

Xi FARO 63(Ofada 2) PAPALANTORO 

 Table 1 shows the name of the sampled rice and the location where they were collected. Some of the varieties were 
present in more than one location. All the locations are  within Southwest Nigeria. This shows that Southwest 
Nigeria is rich in various cultivars of rice. 
 

Table 2: Heavy Metal Composition of Sampled rice cultivars 

RICE location 
Name Pb 

(mg/kg) 

Zn 

(mg/kg) 

Mn 

(mg/kg) 

Cu 

(mg/kg) 

Ni 

(mg/kg) 

Cd 

(mg/kg) 

ERINOKE FARO 58a ND 0.49 0.12 0.02 0.03 ND 

IGBEMO  FARO 58b ND 2.55 0.28 0.20 ND ND 

AISEGBA NERICA 7 ND 0.94 0.10 0.21 ND ND 

IJERO FARO 44a ND 0.54 0.04 ND ND ND 

OKO  FARO 52a ND 0.81 0.59 0.11 ND ND 

KOKA FARO 58a ND 0.81 0.39 0.11 ND 0.01 

BODIJA FARO44b  ND 0.56 0.18 0.10 ND 0.01 

AKURE FARO 44c ND 0.24 0.07 ND ND ND 

OFADA 
FARO62 

(Ofada 1a) 
ND 0.72 0.16 0.13 ND ND 

IFO 
FARO 

62(Ofada 1b) 
ND 0.78 1.62 0.18 0.08 0.01 

PAPALANTOR

O 

FARO 

63(Ofada 2) 
ND 0.51 0.15 0.04 ND 0.01 

  Note: ND- Not detected 
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Table 3:  Heavy metal content in sampled rice per state 

States Heavy metals (mg/kg) 

     Pb    Zn     Mn     Cu    Ni      Cd 

Ondo 0.00±0.00a 0.49±0.024a 0.12±0.01a 0.30±0.15a 0.30±0.15a 0.00±0.00a 

Ekiti 0.00±0.00 a 1.34±0.61a 0.14±0.07a 0.14±0.07a 0.00±0.00a 0.00±0.00a 

Osun 0.00±0.00 a 0.43±0.01a 0.17±0.00a 0.47±0.19a 0.03±0.02a 0.00±0.00a 

Oyo 0.00±0.00 a 0.25±0.23a 0.26±0.08a 0.07±0.01a 0.00±0.00a 0.00±0.00a 

Ogun 0.00±0.00 a 0.67±0.18a 0.64±0.49a 0.12±0.04a 0.03±0.03a 0.01±0.03a 

Note: Means followed by the same letter in the column are not significantly different (p>0.05). 

 

Table 4: Safe limit of Some heavy metals 

Elements FAO /WHO 

Safe limit (mg/Kg)  

Pb 0.2 

Zn 99.4 

Mn 500 

Cu 73.3 

Ni  67 

Cd 0.1 

Source: FAO /WHO, 2004 

 

 
Figure 2: Graph showing the concentration of the heavy metals in the sampled rice per state. 
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From Table 2, the result showed that Pb was not 
present (not detected) in all the eleven rice 
cultivars that were sampled in the South-west 
Nigeria states (Ekiti, Ondo, Oyo, Osun and 
Ogun). FARO 58b rice (Igbemo) was observed 
to have high Zn content (2.55 mg/kg) followed 
by NERICA 7 rice (Aisegba) (0.94 mg/kg), then 
FARO 52a (OKO) and FARO 52b (KOKA) rice 
with the same amount of Zn content (0.81 
mg/kg) while the least Zn content was recorded 
in FARO 44c rice (Akure). FARO 62(Ofada 1b) 
rice (Ifo) has the highest amount of Manganese 
(1.62mg/kg) followed by FARO 52a (0.59 
mg/kg) (Oko rice), then FARO 52b (koka) rice 
(0.39 mg/kg) while FARO 44a rice (Ijero) has 
the least content of Manganese (0.04mg/kg). 
FARO 44a rice (Ijero) and FARO 44c rice 
(Akure) has no Copper content. The highest 
Copper content was recorded in NERICA 7 rice 
(Aisegba) (0.21 mg/kg) followed by FARO 58b 
rice (Igbemo) (0.20 mg/kg) while the least was 
recorded in FARO 58a rice 
(Erinoke)(0.02mg/kg), though FARO 52a 
collected at Oko and FARO 52b rice collected at 
Koka has the same amount of copper 
content(0.11 mg/kg). Ni was not present in all 
the sampled rice except in FARO 62(Ofada 1b) 
rice collected at Ifo (0.08 mg/kg) and FARO 58a 
collected at Erioke (0.03 mg/kg). Cadmium was 
not detected in all the collected rice samples 
except small amount record (0.01) in FARO 58a 
rice, FARO44b rice, FARO 62(Ofada 1b) rice 
and FARO 63(Ofada 2) rice.  
 From Table 3, no Lead percentage was 
detected in all the rice samples collected from 
the five states in Southwest Nigeria. 
Statistically, there are no significant differences 
among all the parameters at the p-value <0.05. 
Rice sampled in Ekiti state has the highest Zinc 
content followed by Ogun State while Oyo state 
rice has the least value. Rice from Oyo state has 
the highest Manganese. Zinc has the highest 
concentration in the sampled cultivars. No Lead 
was detected in all the sampled cultivars and 
every minute Cadmium was recorded in some of 
the cultivars. The concentration is in mg/kg. For 
healthy growth of the plant, copper is very 
important (Itanna, 2002). Manganese is 

important for biochemical activities. Manganese 
is stored mainly in the kidney and liver. It is 
vital for the structure of bone, reproductive parts 
and central nervous system. Lack of it may have 
a severe effect on the reproductive system of an 
organism (Saraf and Samant, 2013). 
 
Discussion 
The objective of this work is to ascertain the 
heavy metal composition of the rice grown in 
South western Nigeria. This will also help to be 
sure of  the safety levels of the comsumption of 
rice grown in Southwestern Nigeria. The result 
shows the presence of some heavy metals and 
the absence of some. Lead was totally absent is 
all the rice cultivars collected in Southwestern 
Nigeria. Elements like Zinc, Mn, Cu and Ni are 
present in a bearable amount. Apart from Zinc 
(2.55 mg/kg) in FARO 58b rice other elements 
are very small in quantity in the sampled rice. Ni 
and Cd were not detected in FARO 58b (Ekiti), 
NERICA 7(Ekiti), (Ijero Ekiti), FARO 52a 
(Oko). Only Ni was not detected in FARO 52b 
and FARO44b (Bodija), FARO 44c (Akure), 
and FARO62 (Ofada 1a) (Ofada). Cd was not 
detected in Erinoke and very small  0.01 was 
detected in FARO 52b (Koka). FARO44b 
(Bodija), FARO 62(Ofada 1b) (Ifo) and FARO 
63(Ofada 2) (Papalantoro). Equally a minute 
value (0-03 ppm) of Ni was detected in FARO 
58a and 0.08 mg/kg was detected in FARO 62 
(Ofada 1b) (Ifo). Zn is one of the microelements 
with beneficial health purposes, its deficiency 
could lead to severe damage in the immune 
system, growth, mental stability and brain 
functioning. Zinc concentration was the highest 
in the sampled rice. Zinc a trace element that 
play a substantial role in cell development, 
replication and gene expression (Hambridge, 
2000)  Zinc is the most detected heavy metal in 
rice sampled. Zinc has the highest record of 
heavy metal in the sampled rice. This is in 
agreement with the work of Payus and Talip 
(2014), who reported that zinc has the highest 
concentration in Oryza sativa sample in 
Malaysia. Zinc is also an important nutrient in 
plant for the synthesis of proteins, hormones and 
reproductive activities in plants. Some heavy 
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metals such as Pb and Cd are carcinogenic with 
little or no health benefits. Henceforth, a 
procedure must be put in place to reduce their 
contents in food. Lead and Cadmium are found 
less than the safe limit of heavy metal 
recommended by the European Union (EU) 
(0.10 mg/kg). Cadmium was not detected in 
most of the sampled cultivars while few 
cultivars with cadmium had it at a very small 
quantity (0.01). This is less than the safe limit of 
cadmium in the food (0.10 mg/kg)heavy metal. 
This is correlated with the report Zazouli (2010). 
Various studies have shown that the presence of 
heavy metals could cause a severe effect on 
people , causing health challenges such as 
hypertension, anaemia, and damage of vital 
organs like kidneys, lungs and bones. Rice has 
been identified as a major source of heavy 
metals in the body in some parts of the world 
(Payus and Talip 2014). Lead was reported to be 
toxic to human health even at a very small 
concentration (Payus and Talip (2014).  In this 
research no concentration of lead was reported 
in all the sampled rice, the result on lead 
concentration was in agreeement with the earlier 
study (Al-Saleh et al., 2001 and Bennett et al., 
2000)  that reported 0.135 mg/kg and 0.25 
mg/kg in Saudi Arabia and northern Wisconsin 
(USA). Another report from Northern Iran gives 
0.962 mg/kg and 0.079 mg/kg of Pb and Cd 
respectively (Bakhtiarian et al., 2001), this also 
was contrary to the recorded mean value of Pb 
and Cd in this work. Zn concentration in the 
sampled rice ranges from 0.24 to 2.55, Mn 
ranges from 0.04 to 1.62, while Cu ranges from 
0.02 to 0.20. Various factors ranging from Biotic 
and abiotic, like the season, source of the grains, 
the system of farming and soil state may be 
responsible for the variation in the concentration 
of these elements in the sampled rice (Jung et 
al., 2005). The result of this work was contrary 
to the report of Nriagu and Lin (1995) who 
found 23.0mg/kg in rice as the average for Zn 
concentration. 
 
Conclusion 
Some heavy metals are of great importance if 
they are consumed at a recommended level, if 
not, they may put a major threat on the health of 
both young and old. Presence of some elements 

in higher concentration in food and water should 
be avoided. The sampled rice in Eleven local 
governments in Southwest Nigeria are good 
source of beneficial elements such as zinc which 
is one of the needed microelements that  
supports sound growth. Lead, a carcinogenic 
substance was not detected in all the sampled 
rice cultivars which shows that the cultivars are 
good for consumption. Observing the contents of 
the metals in the rice revealed that a very minute 
amount of cadmium and Nickel were detected. 
From all indications, the analysis of the sampled 
rice in South-western Nigeria poses no health 
challenge as far as the concentration of the Cd 
and Pb are concerned since their amount in rice 
samples were lower compared with the safe limit 
(0.1 and 0.2 mg/kg for Cd and Pb, respectively) 
approved by the FAO/ WHO (2004). The heavy 
metal analysis of the eleven sampled rice 
showed the presence of some heavy metals Zinc, 
Copper, Manganese and Nickel in rice although 
lead was not detected in all the samples while 
very minimal levels of Cadmium was recorded 
in some rice cultivars. Further work should be 
caried out on the Arsenic composition of these 
rice cultivars and mineral compostion of the soil 
where they were grown.  
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